We expanded and updated our colon cancer risk model to evaluate colorectal cancer (CRC) and whether subsite-specific risk models are warranted. Using data from 1980-2010 for 90,286 women enrolled in the Nurses' Health Study, we performed competing-risks regression and tests for subsite heterogeneity (proximal colon: n = 821; distal colon: n = 521; rectum: n = 376). Risk factors for CRC were consistent with those in our colon cancer model. Processed meat consumption was associated with a higher risk of distal (hazard ratio (HR) = 1.45; P = 0.02) but not proximal (HR = 0.95; P = 0.72) colon cancer. Smoking was associated with both colon (HR = 1.21) and rectal (HR = 1.27) cancer and was more strongly associated with proximal (HR = 1.31) than with distal (HR = 1.04) colon cancer (P = 0.029). We observed a significant trend of cancer risk for smoking in subsites from the cecum (HR = 1.41) to the proximal colon (excluding the cecum; HR = 1.27) to the distal colon (HR = 1.04; P for trend = 0.040). The C statistics for colorectal (C = 0.607), colon (C = 0.603), and rectal (C = 0.639) cancer were similar, although C was slightly higher for rectal cancer. Despite evidence for sitespecific differences for several risk factors, overall our findings support the application of risk prediction models for colon cancer to CRC. colorectal cancer; incidence; rectal cancer; risk; risk factors; risk prediction model; women Abbreviations: BMI, body mass index; CRC, colorectal cancer; FFQ, food frequency questionnaire; HR, hazard ratio; MET, metabolic equivalent; PMH, postmenopausal hormone.
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We expanded and updated our colon cancer risk model to evaluate colorectal cancer (CRC) and whether subsite-specific risk models are warranted. Using data from 1980-2010 for 90,286 women enrolled in the Nurses' Health Study, we performed competing-risks regression and tests for subsite heterogeneity (proximal colon: n = 821; distal colon: n = 521; rectum: n = 376). Risk factors for CRC were consistent with those in our colon cancer model. Processed meat consumption was associated with a higher risk of distal (hazard ratio (HR) = 1.45; P = 0.02) but not proximal (HR = 0.95; P = 0.72) colon cancer. Smoking was associated with both colon (HR = 1.21) and rectal (HR = 1.27) cancer and was more strongly associated with proximal (HR = 1.31) than with distal (HR = 1.04) colon cancer (P = 0.029). We observed a significant trend of cancer risk for smoking in subsites from the cecum (HR = 1.41) to the proximal colon (excluding the cecum; HR = 1.27) to the distal colon (HR = 1.04; P for trend = 0.040). The C statistics for colorectal (C = 0.607), colon (C = 0.603), and rectal (C = 0.639) cancer were similar, although C was slightly higher for rectal cancer. Despite evidence for sitespecific differences for several risk factors, overall our findings support the application of risk prediction models for colon cancer to CRC. colorectal cancer; incidence; rectal cancer; risk; risk factors; risk prediction model; women Abbreviations: BMI, body mass index; CRC, colorectal cancer; FFQ, food frequency questionnaire; HR, hazard ratio; MET, metabolic equivalent; PMH, postmenopausal hormone.
Cancer incidence models have flourished in the context of breast cancer (1) (2) (3) (4) (5) (6) due to the established role of reproductive factors and known variation in hormone levels throughout a woman's life (7) (8) (9) . Despite established risk factors for colorectal cancer (CRC), few models comprehensively evaluate CRC risk factors simultaneously and evaluate the interplay of these risk factors in the cumulative incidence of CRC over time (10) (11) (12) . Moreover, the literature lacks a comprehensive model of CRC incidence that evaluates the associations for risk factors by specific subsites within the colorectum. Increasing evidence supports variation in the pathological characteristics of CRCs along the colorectal segments, possibly due not only to differential embryonic origins but also to exposure to varying bowel contents (including microbiota) and host immune response (13) (14) (15) (16) (17) (18) (19) . We have expanded and updated our Rosner-Wei model of colon cancer incidence (20) to include both colon and rectal cancer, additional follow-up time, and tests for differential associations by subsite.
METHODS

Study population
We used data from the Nurses' Health Study, a prospective study of a cohort of 121,701 female nurses in the United States, who were enrolled in 1976 and have completed biennial questionnaires updating information regarding lifestyle factors, medication use, disease endpoints, and family history. Dietary data have been collected via self-administered and validated food frequency questionnaire (FFQ) every 2-4 years since 1980. Our follow-up began at the return of the 1980 questionnaire and ended on the date of return of the last questionnaire within our study period (June 1, 2010), the development of any cancer, or death, whichever occurred first. We excluded women who were missing information on date of birth, height, or weight at age 18 years and those who reported a cancer diagnosis at or before baseline (1980), leaving 1,759 colorectal, 1,345 colon, and 380 rectal cancer cases. (The total numbers of colon and rectal cancers do not sum to 1,759 due to incomplete data.) We excluded an additional 106 participants (including 3 colon cancer and 4 rectal cancer cases) based on their outlier values for folate intake, alcohol intake, meat intake, or physical activity using the generalized "extreme Studentized deviate" many-outlier detection method (21) . Proximal cancers included those in the cecum, ascending colon, or transverse colon; distal cancers occurred in the descending or sigmoid colon. Our final sample included 1,342 colon cancers (proximal: n = 821, distal: n = 521) and 376 rectal cancers.
Assessment of risk factors
Dietary data were collected via validated FFQs in 1980, 1984, and 1986 and thereafter every 4 years (22) . We included total dietary intake of folate, calcium, alcohol, and red and processed meats, and we updated intake data every 2-4 years. If a participant was missing a response for a specific questionnaire year for an item that was not missing for the previous cycle, we "carried forward" the prior nonmissing value for 1 cycle. Any remaining missing values were assigned the median value for all subjects, averaged over the entire follow-up period. We estimated beta coefficients for nonprocessed red meat and processed meat using individual foods reported on the FFQ. Red meat included hamburger, beef/pork/lamb as a mixed dish, and beef/pork/lamb as a main dish, and processed meat included hot dogs, processed meat, processed meat sandwiches, and bacon.
Nondietary variables included family history of colon or rectal cancer in a first-degree relative, cumulative smoking history, body mass index (BMI), leisure-time physical activity, height, aspirin use, history of colorectal screening by endoscopy, and postmenopausal hormone (PMH) treatment. Colon or rectal cancer in a first-degree relative was assessed in 1982, 1988, 1992 , and thereafter every 4 years. For smoking, we derived a total cumulative pack-years variable. We did not add pack-years to the cumulative total for missing smoking information. Height was reported once in 1976 and held constant throughout follow-up. Current weight was reported on every questionnaire starting in 1976. The validity of self-reported current weight is high (23) . Height and weight were used to calculate BMI (weight (kg)/height (m) 2 ), and if weight was missing, we carried forward the most recent value if the previous questionnaire value was not missing. Using detailed physical activity information on type and duration of specific activities, collected every 4 years starting in 1986, we calculated total metabolic equivalent (MET) hours/week. Before 1986, we were unable to calculate MET-hours/week and assigned zero for all participants for that time period.
Missing values were assigned the median value. A simple yes/no question on aspirin use (available starting in 1980) and a question on frequency of use (available starting in 1984) were used to derive a cumulative average number of aspirin tablets per week (continuous variable). Participants with missing values were assumed to be nonusers. Participants were asked whether they had undergone a "colonoscopy or sigmoidoscopy" (endoscopy) in 1988, 1990, 1992 , and every 2 years after that. On the 1990 questionnaire, participants reported their history of endoscopy for the period of [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . Missing values were assumed to mean that participants did not undergo screening during that cycle. When a woman reported screening endoscopy, we assigned her 2 questionnaire cycles (4 years) of screening "coverage," starting from the age at which she reported being screened. Although 10 years is the recommended colonoscopy interval, in the early follow-up period we did not have information on type of endoscopy, so our intent was to approximate the 5-year recommended interval for sigmoidoscopy. Participants reported menopausal status and PMH use on every questionnaire; women missing data for hormone use were assumed to be nonusers. Web Table 1 (available at http://aje.oxfordjournals.org/) shows the overall distribution of the risk factors in our model at baseline and for 4 additional questionnaire cycles.
For the dietary variables and BMI, we created a "calendar" variable that reflected individual intakes and BMI for every age during follow-up, starting at age in 1980. We did this by using each participant's age and reported intakes and BMI on each questionnaire cycle. For ages between questionnaire cycles, participants were assigned the most recently reported value. For example, for a woman who was 40 years old in 1980, her reported intake of calcium in 1980 was used as her calcium intake at ages 40, 41, 42, and 43 years (minus a mean centering value). When she completed the 1984 FFQ, she would be 44 years old; thus her reported intake on that FFQ would be assigned as her intake at ages 44 and 45 years. In 1986, when she completed another FFQ, her reported intake would be assigned as her intake at ages 46 and 47 years, and so forth for the entire follow-up period. We summed the intakes from age 30 years to the end of followup for each participant (updating the sum at each questionnaire cycle), and we entered this value into the model as a continuous variable. For a woman with a folate intake above the median throughout follow-up, the sum value would be positive, whereas a woman with folate intake below the median would have a negative-sum folate value. Thus, beta coefficients for these variables are interpreted as the association of that variable for a given contrast per year multiplied by the number of years since 1980 (e.g., folate intake, 600 µg vs. 200 µg per year × 30 years).
but with a separate indicator variable for each subsite. Similar to previous studies, we stratified on event subtype to estimate separate associations of each risk factor with each outcome under a proportional hazard assumption in a single model (25) (26) (27) . The hazard ratios were calculated as exp(β) for dichotomous variables and hazard ratio = exp(β) × contrast for continuous variables. For variables that were calculated per year, we used exp(β) × (contrast in risk factor) × (years at that exposure level). We report Wald tests for differential associations at the various subsites for each risk factor and P values for pairwise comparisons (all P values were 2-sided). We previously tested for interactions, and none of the interaction terms were statistically significant (20) . Because the goal of this analysis was to evaluate our previous model for subsite differences, and in order to create a parsimonious model, we did not include interactions in this analysis. Using the TEST statement in PROC PHREG, we tested for linear trends across the colon (trend 1) and colorectum (trend 2). We multiplied the beta coefficient for each subsite by a weighted average of relative (ordinal) distance from the anus to account for the relative distances from the anus (sample calculations in the table footnotes). The C statistics were calculated within 10-year age groups, and an overall C statistic was obtained by calculating a weighted average of the age-specific C statistics, where the weights were equal to 1 divided by the estimated variance (28) . We compared C statistics from alternative prediction models while controlling for age and tested for heterogeneity of the C statistics by subsite (29) . We calculated survival probabilities for ages 50-70 years for various combinations of risk factors, using the BASELINE option of SAS PROC PHREG; results are shown in figures below and Web Figures 1 and 2 . where t80 = age in 1980 and t = age at time t and FHX = 1 if family history of colon or rectal cancer, = 0 otherwise; RMEAT j = intake of red meat at age j (servings/day); PMEAT j = intake of processed meat at age j (servings/day); FOL j = total intake of folate at age j (µg/day); CALC j = total intake of calcium at age j (mg/day); SMK j = total cumulative pack-years smoked; BMI j = body mass index at age j; ACT j = physical activity in MET-hours/week at age j; HGT = adult attained height (inches); ALCj = intake of alcohol at age j (g/day); ASP j = number of aspirin tablets per week at age j; SCREEN j = cumulative number of years of endoscopy screening coverage by age j; PMH cur, j = 1 if current PMH use at age j, = 0 otherwise; PMH past, j = 1 if past PMH use at age j, = 0 otherwise.
The interpretation of each of the coefficients is the hazard ratio for β 1 : a 1-year increase in age; β 2 : those who reported a family history of colon or rectal cancer; β A 3 : 1 serving per day of red meat, per year; β B 3 : 1 serving per day of processed meat, per year; β 4 : 1 μg total folate intake per day, per year; β 5 : 1 mg total calcium intake per day, per year; β 6 : 1 pack-year of cigarette smoking; β 7 : 1 BMI-year (i.e., a 1-unit change in BMI per year); β 8 : 1 MET-hour of physical activity per week, per year; β 9 : 1 inch in height, per year; β 10 : 1 additional gram per day of alcohol intake, per year; β 11 : 1 tablet of aspirin used per week, per year; β 12 : 1 year of screening coverage by endoscopy (sigmoidoscopy or colonoscopy); and β 13 and β 14 : current and past PMH use (vs. never use). Table 1 shows the age-standardized distribution of selected variables as reported in 1980. Women with CRC were older, were slightly taller, had a higher average BMI, had a higher total number of pack-years smoked, and included a higher percentage of women who had never used PMH and who had a positive family history of colon or rectal cancer. Women with CRC also had lower folate and calcium intakes, were less physically active, took less aspirin, and were less likely to report screening endoscopy. Table 2 shows the hazard ratios, 95% confidence intervals, and P values for colorectal, colon, and rectal cancer. Only the 2 meat variables and past PMH use were not statistically significantly associated with CRC, and alcohol intake had a borderline association (P = 0.082). Age, smoking history, and BMI were associated with a statistically significantly higher risk of colorectal and, separately, colon and rectal cancer risk (Web Figures 1A and 1B) . Family history was statistically significantly associated with colorectal and colon cancer (hazard ratio (HR) for colon cancer = 1.50; P ≤ 0.0001) but not rectal cancer (HR = 1.26; P = 0.095), although this difference was not statistically significant (P for colon vs. rectal = 0.27). The point estimates for colorectal, colon, and rectal cancer were identical for height (HR = 1.24; P for colon vs. rectal = 0.97).
RESULTS
Among dietary factors, folate intake was statistically significantly inversely associated with CRC (HR = 0.83; P = 0.004) (Web Figure 2A ) and colon cancer (HR = 0.85; P = 0.021), but its association with rectal cancer was borderline (HR = 0.77, 95% confidence interval: 0.58, 1.02; P = 0.071); the test for heterogeneity was not significant (P for colon vs. rectal = 0.55). The inverse association with calcium intake was similar in magnitude by subsite and was statistically significant for colon cancer (HR = 0.80; P = 0.0004) but not for rectal cancer (HR = 0.89; P = 0.36 and P for colon vs. rectal = 0.43) (Web Figure 2B) .
Intakes of red meat (HR for colon = 1.02 and HR for rectal = 0.99) and processed meat (HR for colon = 1.12 and HR for rectal = 1.13) were not associated with the risk of colon or rectal cancer (P for colon vs. rectal = 0.88 for red meat and 0.98 for processed meat). Alcohol intake was not significantly associated with either colon cancer (HR = 1.08) or rectal (HR = 1.33; P for colon vs. rectal = 0.28) cancer.
Current PMH use was inversely associated with risk of CRC (HR = 0.87; P = 0.026), and the association did not vary by subsite (HR for colon = 0.88 and HR for rectal = 0.88; P for colon vs. rectal = 0.97). Past PMH use was not statistically significantly associated with any site (HR for colorectal = 0.93, HR for colon = 0.99, and HR for rectal = 0.79; P for colon vs. rectal = 0.12).
Aspirin intake was associated with a 22% lower risk of CRC for those who reported taking 7 aspirin tablets per week compared with those who reported no aspirin use, and this did not vary by subsite (HR for colon = 0.76 and HR for rectal = 0.80; P for colon vs. rectal = 0.76).
Reporting 21 MET-hours/week of physical activity was associated with a statistically significant reduction in risk of CRC (HR = 0.61; P < 0.0001) (Web Figure 1C ) and colon cancer (HR = 0.55; P < 0.0001), but the association was attenuated for rectal cancer (HR = 0.89; P = 0.63 and P for colon vs. rectal = 0.067).
Screening coverage was associated with a statistically significantly lower risk of CRC (HR = 0.74; P < 0.0001). However, endoscopic screening was the only variable that Alcohol intake (all participants), g/day 6 (11) 6 (10)
Alcohol intake (among alcohol drinkers), g/day 10 (13) 9 (11) Smoking history (all participants), pack-years 12 (16) 11 (15) Smoking history (among smokers), pack-years 22 (17) 20 (16) Aspirin use (all participants), tablets/week 2. was statistically heterogeneous for colon cancer and rectal cancer; the hazard ratio for colon cancer (HR = 0.82) was significantly higher than the hazard ratio for rectal cancer (HR = 0.48; P < 0.0001 and P for colon vs. rectal = 0.0008). Table 3 shows results by more finely defined subsites within the colon (e.g., proximal and distal colon) and the P values for pair-wise comparisons between the sites. Several pair-wise tests for heterogeneity for age were significant; however, all subsite hazard ratios were statistically significant and in the same direction (HR for proximal = 2.01, HR for distal = 1.62, and HR for rectal = 1.71). Red meat (unprocessed) had a direct association with proximal colon cancer (HR = 1.15) and an inverse association with distal colon cancer (HR = 0.82) that resulted in a borderline significant test for heterogeneity (P for proximal vs. distal = 0.068). Processed meat, which did not show an overall association (Table 2) , revealed a statistically significant association with distal colon cancer (HR = 1.45; P = 0.02) but not proximal colon cancer (HR = 0.95; P = 0.72 and P for proximal vs. distal = 0.050) (Figure 1 ).
We observed statistically significant heterogeneity for smoking by subsite within the colon: 40 cumulative pack-years was associated with proximal colon cancer (HR = 1.31; P < 0.0001) but not distal colon cancer (HR = 1.04; P = 0.66 and P for proximal vs. distal = 0.029). Figure 2 displays the 20-year cumulative incidence of proximal and distal colon cancer by smoking status and shows the sitespecific associations.
Physical activity showed heterogeneity by subsite (P for distal vs. rectal = 0.017), with a more inverse association with distal colon cancer (HR = 0.40) than with rectal cancer (HR = 0.89). Screening coverage was not associated with proximal colon cancer, but it was inversely associated with distal colon and rectal cancer (HR for proximal = 0.96, HR for distal = 0.55, and HR for rectal = 0.48; P < 0.0001 for both proximal vs. distal and proximal vs. rectal). Calcium intake was inversely associated with distal colon cancer only (HR = 0.65; P < 0.0001 and P for distal vs. rectal = 0.049). Table 4 shows the results obtained when we evaluated the cecum separately and conducted 2 trend tests: one for the cecum to the distal colon (trend 1) and the second for the cecum to the rectum (trend 2). Generally, the estimates for the cecum were similar to those for the rest of the proximal colon (column "P Value: Cecal vs. Proximal"). Three risk factors-smoking status (P = 0.040 for trend 1), screening coverage (P = 0.033 for trend 1), and calcium intake (P = 0.009 for trend 1)-suggested significant trends from higher to lower associations across the cecum, proximal colon, and distal colon. Current PMH use had a borderline P value for trend 1 of 0.058. When testing for trend across the entire colorectum (trend 2), only screening coverage remained statistically significant (P = 0.0001 for trend 2). Table 5 shows the C statistics for CRC and by subsite. The model performed well for the 3 main subsites: colorectum (C = 0.607), colon (C = 0.603), and rectum (C = 0.639). The C statistic for colon cancer was similar to what we reported for our previous model (C = 0.61) (20) . Removing screening from the model resulted in a statistically significant reduction in the C statistic for CRC (P = 0.0002). The C statistic for colon cancer was statistically significantly lower than that for rectal cancer in the full model (P = 0.03). However, after removing the screening variable from the model, the C statistics were similar (C for colon = 0.599 and C for rectal = 0.603; P = 0.80). We found no significant difference between the C statistics for proximal and distal colon cancer (P = 0.16).
The C statistic for the <70 years age group was statistically significantly higher than that for the ≥70 years age group for CRC (P = 0.013), colon cancer (P = 0.015), and proximal colon cancer (P = 0.030), with or without inclusion of the screening variable. The C statistics for both distal and rectal cancer did not vary significantly by age group (with or without screening). Figure 3 displays the cumulative incidence for hypothetical risk factor profiles and the association with screening in the high-risk group. The cumulative incidences in the low-, moderate-, and high-risk groups were well-differentiated. The cumulative incidence of colon cancer was slightly reduced after including screening, but it was still higher than that for the moderate-risk profile ( Figure 3A) . Across the subsites ( Figure 3B-C) , screening was increasingly associated with lowering cumulative incidence away from that of a high-risk profile toward that of a moderate-risk profile. For rectal cancer (Figure 3D ), the cumulative incidence for the individual with the high-risk profile who was screened was nearly equivalent to that of the individual with the moderate-risk profile.
DISCUSSION
We have updated our previous incidence model for colon cancer to include CRC, rectal cancer, longer follow-up, additional cases (1,342 vs. 701 colon cases), modifications to our exposure variables (e.g., separate meat variables, adding alcohol intake and calcium intake, and a different smoking variable), outlier exclusion, and results by anatomical subsite within the colon, with statistical testing for heterogeneity.
Compared with our previous model, we observed 1) a lower point estimate for red and processed meat (albeit not significant in either model); 2) a significant association between BMI and colon cancer risk (P = 0.09 in previous model); 3) a significant inverse association between folate intake and colon cancer risk; and 4) a statistically significant inverse association for calcium intake (variable not included in the previous model).
Risk factors for rectal and colon cancer were generally similar. Our findings of possible heterogeneity by subsite for physical activity is consistent with a recent meta-analysis (30) . Alcohol intake was not statistically significantly associated with colon or rectal cancer, although the hazard ratio for rectal cancer was suggestive of a direct association. In Cumulative incidence per 100,000 hypothetical women of proximal colon cancer (A) and distal colon cancer (B) for a never smoker versus a current smoker (30 pack-years by age 30 years and 1 pack/day from ages 30-70 years), based on data from the Nurses' Health Study, 1980-2010. Unless otherwise specified, all women were assumed at baseline to be aged 50 years, have no family history of colon or rectal cancer in a first-degree relative, consume 1 serving per day of red meat, consume no processed meat, consume 400 µg/day of folate, have a body mass index (weight (kg)/height (m) 2 ) of 26, perform 15 metabolic equivalent hours/week of physical activity, have a height of 64.5 inches, consume no alcohol, use no aspirin, have had no screening endoscopy, have used no postmenopausal hormone, and consume 1,000 mg/day of calcium. Abbreviations: BMI, body mass index; HR, hazard ratio; MET, metabolic equivalent; PMH, postmenopausal hormone. a For variables whose β coefficients were calculated per year, the relative risk accounts for 40 years (e.g., ages 30-70 years) and for the specified contrast. Relative risk = exp[β (40 years) (contrast)]. For dichotomous variables, the relative risk was calculated as: exp(β).
b β for cecum = β for proximal = β for distal. c β for cecum = β for proximal = β for distal = β for rectal. d Trend 1: P value for linear trend of subsite-specific beta coefficients-colon only. Ordinal distance values from anus for colon only: 1 = sigmoid, 7 = cecum. Distal colon (sigmoid and descending colon), average distance = 1.5; proximal colon (splenic flexure, transverse colon, hepatic flexure, ascending colon), average distance = 4.5. Average distance for distal, proximal, and cecal segments = (1.5 + 4.5 + 7) ÷ 3 = 4.33. Example of TEST statement for age: (7 − 4.33) β 0 age_ce + (4.5 − 4.33) β 1 age_pr + (1.5 − 4.33) β 2 age_d = 0; P = 0.47.
e Trend 2: P value for linear trend of subsite-specific beta coefficients-entire colorectum. Ordinal distance values from anus for entire colorectum: 1.5 = rectum/rectosigmoid, 9 = cecum. Distal colon (sigmoid and descending colon), average distance = 3.5; proximal colon (splenic flexure, transverse colon, hepatic flexure, ascending colon), average distance = 6. a recent review, Hjartaker et al. (30) reported that alcohol intake was more strongly associated with rectal cancer than with colon cancer across 10 articles (especially among men).
Our results could be due to a relatively low and narrow range of intake and the fact that we modeled intake continuously, whereas previous studies have often evaluated high intake (e.g., >30 g/day) (31). Folate intake was significantly inversely associated with colorectal and colon cancer but not rectal cancer. The results were similar to those from a lagged analysis of total folate intake and risk of CRC (32); although the hazard ratios were similar by subsite, the P value for heterogeneity was not significant. Screening was statistically significantly associated with risk of distal colon and rectal cancer and reflected a linear association from the proximal colon to the rectum. The lack of association with cecal and proximal cancer could reflect a variety of factors, including nonspecific data on endoscopy in the early follow-up period, reduced endoscopic screening visualization of the cecum and proximal colon, and possibly the higher incidence of serrated polyps in the proximal colon (33, 34) . The C statistic for colon cancer was similar to that in our previous model; when accounting for screening, the C statistic for rectal cancer was statistically significantly higher than that for colon cancer. Excluding screening, the model's discriminatory ability for CRC was significantly reduced. Notably, the C statistic was lower among the ≥70 years age group for colorectal, colon, and proximal colon cancer. More detailed investigation into the roles of age and screening in the discriminatory ability of prediction models is warranted.
Within the colon, smoking history had a significant association with proximal colon cancer and an even higher hazard ratio for cecal cancer versus noncecal proximal cancer. Our results suggest heterogeneity of risk for smoking history within the colon and evidence of a linear trend in risk from the cecum to the distal colon. These results support There was a total of 1,239,121 person-years among noncases, of which 1,000,230 corresponded to <70 years of age and 238,891 to ≥70 years of age.
c All covariates included age, family history, red meat intake, processed meat intake, folate intake, calcium intake, smoking history, body mass index, physical activity level, height, alcohol intake, aspirin use, and PMH use.
d P value for the difference between C statistics. e The total number of colorectal cancer cases does not equal the sum of the total numbers of colon and rectal cancer cases due to incomplete information on tumor site. f P value for the difference between C statistics with and without screening.
the possibility that a few risk factors have a continuum of association across the colon. We uncovered a significant association between processed meat and distal colon cancer that was in sharp contrast to the lack of association with other sites. Similar results were reported in a recent analysis on meat intake that included the Nurses' Health Study (35) . In a recent review, Hjartåker et al. (30) similarly reported that red and processed meat consumption tended to be more strongly associated with the risks of distal colon and rectal cancer than with the risk of proximal cancer.
In this paper, we have graphically presented data on cumulative incidence for hypothetical unscreened low-, moderate-, and high-risk individuals, as well as on the role of screening in the high-risk group. Our results suggested that, particularly for proximal colon cancer, lifestyle factors have a stronger association with cumulative incidence when compared with screening. In contrast, screening had a stronger association with the cumulative incidence of rectal cancercomparable in magnitude to changing from a high-risk profile to a moderate-risk profile.
Because we evaluated over 10 risk factors and several subsites, we cannot exclude the possibility that some of the statistically significant associations we observed resulted from multiple comparisons. However, our overall results were generally in agreement with those of previous studies that have evaluated individual risk factors separately and that specified confounding variables in various ways. Moreover, our model is unique in its ability to update all exposure variables multiple times across the entire follow-up period. Cumulative incidence per 100,000 hypothetical women of total colon cancer (A), proximal colon cancer (B), distal colon cancer (C), and rectal cancer (D) for an unscreened individual with a low-risk profile, moderate-risk profile, or high-risk profile and for a high-risk profile with 20 years of screening coverage, based on data from the Nurses' Health Study, 1980-2010. Unless otherwise specified, all women were assumed at baseline to be aged 50 years, have a height of 64.5 inches, consume no alcohol, use no aspirin, have had no screening endoscopy, and have used no postmenopausal hormone. Low-risk profile: never smoker, body mass index (BMI) (weight (kg)/height (m)
2 ) of 21, physical activity level of 21 metabolic equivalent (MET) hours/week, 0 servings per day of red and processed meat, folate intake of 600 µg/day, and calcium intake of 1,000 mg/day. Moderate-risk profile: never smoker, BMI of 26, physical activity level of 15 MET-hours/week, 0 servings per day of red and processed meat, folate intake of 400 µg/day, and calcium intake of 750 mg/day. High-risk profile: 15 pack-years accumulated by age 30 and 1 pack per day from ages 50-70 years, BMI of 30, physical activity level of 2 MET-hours/week, 1 serving of red meat and 1 serving of processed meat per day, folate intake of 200 µg/day, and calcium intake of 500 mg/day.
Although anatomical definitions have been used in clinical, pathological, and epidemiologic settings (15, 16) , newer evidence supports a continuum of risk associations throughout the colorectum and the importance of molecular characteristics (13, 14) . The prevalences of CpG island methylator phenotype-high, microsatellite instability-high, and BRAF and PIK3CA mutations have been shown to increase linearly along the colorectal subsites from rectum to ascending colon, and cecal cancer have the highest prevalence of KRAS mutations (14) . Results from other studies on CRC subtypes and tumor molecular features have been generally consistent (18, (36) (37) (38) , attesting to the biological heterogeneity between CRCs at different subsites. Risk prediction models for various molecular subtypes of CRC may provide additional etiological insight (39) .
Our results support an overall similar risk factor profile for colon and rectal cancer. Although rectal cancer has been studied less widely than colon cancer, the risk factors appear to largely overlap; thus, recommendations for colorectal or colon cancer prevention should largely apply to rectal cancer. The possibility of variation for specific risk factors (e.g., smoking history and meat intake) merits further evaluation. Although screening is known to reduce CRC incidence and mortality (40), we observed a substantial role of lifestyle changes in the cumulative incidence of CRC; promoting healthy lifestyles should remain a priority for CRC prevention. Lastly, although our model overall had reasonable discriminatory ability throughout the colorectum, inclusion of novel risk factors may improve its predictive ability. Given the increasing evidence that early-life risk factors (41) (42) (43) (44) and timing of exposures (45, 46) influence CRC risk, this model could also eventually incorporate risk factors over the life course and also be adapted for more diverse populations (47) . Consistently lower discriminatory ability (C statistics) in older age groups suggests a need for further study of the agespecific etiology of CRC.
An important step in the development of prediction models is external validation in an independent sample (10, 12, 36, 48, 49) . In conjunction with a parallel model we have developed in men (using data from the Health Professionals Follow-up Study), our next steps are to externally validate our model in the National Institutes of Health-AARP Diet and Health Study and then develop the model for implementation in clinical settings.
